The genus Microvirga was proposed by Kanso and Patel [1] , with the type species Microvirga subterranea, an isolate from a geothermal aquifer. In 2004, another species was isolated from a hot spring and reported as Balneimonas flocculans [2] . The two genera Microvirga and Balneimonas were reported in different journals and, hence, their taxonomic properties were not compared, despite their close phylogenetic relatedness (96.3 % 16S rRNA gene sequence similarity). The taxonomic reassignment of Balneimonas flocculans as a member of the genus Microvirga was proposed, as Microvirga flocculans, by Weon et al. [3] . Later, other species were added to the genera such as, Microvirga guangxiensis [4] , Microvirga aerophila and Microvirga aerilata [3] , Microvirga lupini, Microvirga lotononidis and Microvirga zambiensis [5] , Microvirga vignae [6] with the recent addition of Microvirga massiliensis [7] , Microvirga ossetica [8] , and Microvirga soli [9] . These species of the genus Microvirga were isolated from a variety of sources; for example, rice filled soil, air, the native legumes Listia angolensis and Lupinus texensis, cowpea nodules and stool samples. At the time of writing, the genus Microvirga encompasses twelve species with validly published names and is assigned to the class Alphaproteobacteria, phylum Proteobacteria [5] .
The toxicological effects of arsenic are related to its chemical form and oxidation state, organic forms being less toxic. Among the inorganic forms, As(III) is reported to be 100 times more toxic than the less mobile As(V) [10] . Soil microorganisms play an important role in both As (V) reduction and As(III) oxidation. Bacteria with these activities coexist and are ubiquitous in soils [11, 12] . Several arsenite-oxidizing bacteria such as Achromobacter sp. [13] , Pseudomonas sp., Alcaligenes faecalis, Thiobacillus ferrooxidans, Thiobacillus acidophilus [14] , have been reported to date. During a study on the microbial diversity of arseniteoxidizing bacteria from metal industry waste, a soil sample (from 0-15 cm depth) was collected from the Pune district of Maharashtra, India (18 30¢ 36 total arsenic content of the soil sample was 6.7 mg kg
À1
. The soil sample (1 g) was inoculated in a 250 ml conical flask containing 100 ml Tris-mineral medium (TMM) supplemented with 0.04 % (w/v) yeast extract, 20 mM sodium acetate and 5 mM As(III) [15] . Morphologically different colonies of bacteria were screened by repeated sub-culturing on 0.1X Tryptic soy agar (TSA) plates supplemented with 2 mM As(III). The plates were incubated at 37 C for 5 days and a light-pink strain, S-MI1b T , was recovered. Routine cultivation was conducted at 37 C with 0.1x TSA and 1 mM As(III).
To elucidate the taxonomic position of strain S-MI1b
T , a polyphasic approach was applied, which is usually used for classification, and included analysis of housekeeping genes (16S rRNA, rpoB, recA and dnaK) and a functional gene (aioA), Arbitrary primed PCR (AP-PCR), DNA-DNA relatedness, fatty acid and polar lipid profiles. Strain S-MI1b T was also examined for a range of phenotypic properties. Gram staining was carried out using the standard Gram reaction, and motility was investigated on glass microscope slides and coverslips (Olympus; CX41). For the morphological characterisation, cells grown for 24 h in TMM containing 2 mM arsenite, were harvested by centrifugation for 20 min at 15 000 g (4 C) and were resuspended in miliQ water (Millipore). Small amounts of the suspension were applied to copper grids that had been coated with formvar followed by carbon. Excess preparation was removed. Grids were viewed using a Transmission electron microscope (FEI Technai; G-2 20 S-TWIN) operating at an accelerating voltage of 200kV. The growth of strain S-MI1b
T at different temperatures (20, 25, 30, 35, 37, 40, 45 and 50 C) was tested on TSA medium by incubating the cultures for 48 h and measuring growth at 600 nm; media without cells was used as a control. The pH range (pH 4, 5, 6, 7, 8, 9, 10, 11 and 12) for growth was studied using the buffer system described by Xu et al. [16] at 1.0 pH unit intervals. The NaCl tolerance (0-7.0 %, w/v) was tested at 37 C for 48 h by culturing the strains in TSA broth. The strain was characterized biochemically using the API CH50 and API ZYM systems (bioM erieux), according to the manufacturer's instructions.
For identification, strain S-MI1b
T was grown in TSA broth at 37 C and cells were harvested at the exponential phase by centrifugation at 8000 g for 10 min. DNA was extracted using a standard method [17] , and used as a template for 16S rDNA gene amplification by the polymerase chain reaction (PCR) using primers (27 F-5¢GAGAGTTTGATC CTGGCTCAG3¢ 1495R-5¢CTACGGC TACCTTGT-TACGA-3¢) [15] C for 1 min 40 s, and a final extension step at 72 C for 10 min. The amplified PCR products were checked by electrophoresis and purified using a PEG-NaCl method (Hi-Media, Mumbai). The PCR products were sequenced using a Big Dye terminator kit (Macrogen). Multiple sequence alignments with closely related members of the genus Microvirga and calculations of sequence distance levels were carried out using CLUSTAL_X [18] . Phylogenetic analyses were performed using the neighbour-joining algorithm [19] using MEGA version 6.0 [20] . The topologies of the phylogenetic tree were evaluated using the bootstrap resampling method of Felsenstein [21] with 1000 replicates.
PCR amplification and sequencing of the rpoB, recA and dnaK genes were performed as described by Radl et al. [6] . Primers are described in Table S1 (available in the online Supplementary Material). All sequences were deposited in GenBank (http://www.ncbi.nlm.nih.gov/genbank/) and the accession numbers are listed in Table S1 .
In addition to the genetic relatedness analysis of S-MI1b
T (97.4 %) and M. guangxiensis 25B T (97.0 %), strains were further analysed to determine the banding pattern by arbitrarily primed PCR (AP-PCR). In this method, arbitrarily selected primers are annealed to template DNA under low-stringency conditions for the initial cycles of DNA amplifications, which allows interactions between the primers and target DNA in regions containing base mismatches. AP-PCR fingerprinting was performed using the M13F primer [(220) GTAAAACGACGGCCAGT] and the following PCR program: two cycles of 94 C for 5 min, 40 C for 5 min and 72 C for 5 min; followed by 40 high-stringency cycles of 94 C for 1 min, 60 C for 1 min and 72 C for 2 min. Amplified DNA products were resolved by electrophoresis on 2 % (w/v) agarose gels [22] . The presence of the aioA gene involved in arsenite oxidation in strain SMI1b
T and related strains was tested by PCR amplification of the large subunit of arsenite oxidase. The primers (Table S1 ) and PCR conditions were followed as described by Inskeep et al [23] . Fatty acid analysis of strain S-MI1b T along with M. subterranea DSM 14364 T , M. aerophila 5420S-12 T and M. guangxiensis 25B T involved culturing on TSA plates at 28 C for 72 h. The preparation and analysis of fatty acid methyl esters were performed as described by Sasser [24] using the Microbial Identification System (MIDI) and the Microbial Identification software package (Sherlock version 6.1; MIDI database TSBA6).
To determine the G+C content, genomic DNA was prepared according to the method of Marmur [25] . The DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC [26] . Polar lipids were extracted, examined by using two-dimensional TLC and identified by using standard procedures [27] . Polar lipids were separated by using two dimensional TLC (silica-gel plate 60; Merck). The first direction was developed in chloroform/methanol/ water (65 : 25 : 4, by vol.) and the second was developed in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). Total lipid material and specific functional groups were detected using Dittmer and Lester reagent (phosphate), ninhydrin (free amino groups), Dragendorff reagent (quaternary nitrogen) and anisaldehyde-sulfuric acid (glycolipids). Menaquinones were isolated according to methods described in [27] and were separated using HPLC [28] [29] [30] .
For DNA-DNA hybridization experiments, genomic DNA was extracted and purified, according to the method of Marmur [25] . DNA-DNA hybridization was carried out as described by De Ley et al. [31] with the modifications of Huss et al. [32] . The analysis was performed by fluorimetry using a Step One Plus Real-Time PCR system (Applied Biosystems) fitted with a 96-well thermal cycling block in a 96 well plate [33] . DNA suspended in 2x SSC was used for analysis and resultant values are means of triplicates. The re-association of DNA was carried out at the optimum renaturation temperature of 65 C [Tor=0.51Â(% G+C)+47.0], according to De Ley et al. [31] .
Strain S-MI1b
T was aerobic, Gram-stain-negative and motile with short rods (0.60-0.65Â0.94-1.2 µm) and contained multipolar flagellum (Fig. S1) . Strain S-MI1b
T grew well on TSA and R2A media. After incubation on TSA (pH 7.0) strain S-MI1b
T formed smooth, circular and convex light-pink colonies after 3-4 days of incubation at 37 C. Strain S-MI1b
T grew well between 25 and 45 C (optimum at 40 C), at pH 6.0-12.0 (optimum at pH 7.0) and in the presence of 0-7.0 % (w/v) NaCl; but it was found that NaCl was not required for growth. Total arsenic content in the soil sample used for the isolation of microorganisms was 6.7 mg kg À1 and strain S-MI1b T was able to resist approximately 30 mM of arsenite [As(III)] and 250 mM of arsenate [As(V)]. A phenotypic comparison of strain S-MI1b
T and related species of the genus Microvirga is presented in Table 1 , and in the species description. Strain S-MI1b
T was able to utilize glycerol, L-arabinose, D-xylose, methyl-b-Dxylopyranoside, D-lyxose, D-tagatose and D-fucose as the sole carbon source. It is evident from Table 1 that strain S-MI1b T exhibited differences in its phenotypic properties from its nearest phylogenetic neighbours.
The nearly complete 16S rRNA gene sequence of strain S-MI1b T (1398 bp) was determined and compared with the corresponding sequences of other bacterial strains in the NCBI GenBank database. Phylogenetic analysis, based on 16S rRNA gene sequences, revealed that strain S-MI1b T should be assigned to the genus Microvirga. The phylogenetic tree, based on 16S rRNA gene sequence data from strain S-MI1b T and corresponding sequences from the type strains of the genus Microvirga, was reconstructed according to the neighbour-joining algorithm (Fig. 1 ) and supported by the minimum evolution [34] and maximumlikelihood algorithms [35] (Fig. S2) .
Based on the sequence similarity (%) analyses of housekeeping genes for 16S rRNA, recA, dnaK and rpoB genes between S-MI1b T and the novel group strains and reference strains, it could be clearly differentiated from the type strains of species of the genus Microvirga with validly published names ( Table 2 ). The phylogenetic tree, based on
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Bosea robiniae LMG26381 T (FR774994) recA, rpoB and dnaK gene sequence data from strain S-MI1b T and corresponding sequences from the type strains of species of the genus Microvirga was reconstructed according to the neighbour-joining algorithm (Figs S3-S5) . However, to attest that this strain actually belongs to a novel species, DNA-DNA hybridization was performed. The DNA-DNA relatedness values determined for strain SMI1b T with M. subterranea DSM 14364 T and M. aerophila 5420S-12 T were 53.9 and 54.8 %, respectively (Table S2 ), indicating that whole genome DNA-DNA relatedness values with the closest phylogenetic neighbours were well below the delineating 70 % cut-off point accepted for prokaryotic species identification [36] . This suggests that strain S-MI1b
T should be considered a novel genomic species of the genus Microvirga.
The predominant fatty acids of strain S-MI1b
T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) (71.6 %) and C 19 : 0 cyclo!8c (12.2 %), determined with the standard MIDI/Sherlock system; we were unable to separate summed future 8 ( Table 3 ). The polar lipid profile of strain S-MI1b T contained phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, an unknown phospholipid, one amino lipid (AL) and one brick-red spot (Fig. S6) .
Further, AP-PCR amplicon fingerprint profiles showed marked differences in the banding patterns between strain S-MI1b
T and the most closely related strains (Fig. S7) , consistent with the assignment of the novel strain to a separate species. The genomic DNA G+C content of strain S-MI1b T was 67.2 mol%. Strain S-MI1b T was able to oxidize As(III) to As(V) and the presence of the aioA gene was determined by PCR amplification (Fig. S8) . Phenotypic, chemotaxonomic and phylogenetic analyses distinguished strain S-MI1b
T from its closest phylogenetic relatives. Therefore, strain S-MI1b
T represents a novel species of the genus Microvirga, for which the name Microvirga indica sp. nov. is proposed. 
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